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net,” a circular net, which, when thrown with skill, brings death to 
dozens of mullet or thousands of shrimp. This form of net is especially 
adapted to shallow waters, although it is used also throughout the 
West Indies. I am told that i t  is found in the Nile delta also, and I 
have seen it on the Rhine. 
One of the most unique experiences I ever had was on a dark night 
at Breton Island. Taking the skiff, with the purpose of throwing the 
. .  . 
FIG 9. Another form of a shell-duire. 
cast net, we saw, as we rowed, thousands of phosphorescent streaks of 
light shooting hither and thither through the water, like comets in a 
black sky. It was almost beyond belief, but all caused by the sudden 
scurry of mullet as the boat frightened them by its approach. 
The limit of space has prevented a more detailed account of what 
we saw upon this delightful and instructive trip. I have tried, however, 
to  bring out the salient features of our experiences of three weeks, which 
will never be forgotten. We were fortunate in landing a t  Biloxi, Miss., 
just in time to  escape the terrors of the storm which laid waste the city 
of Galveston. 
THE MOTIONS O F  THE EARTH* 
PART I1 
BY FOREST R. MOULTON 
Of the University of Chicago, Chicago, I l l iwis  
THE REVOLUTION O F  THE EARTH 
’HE question of the revolution of the earth around the sun is 
quite distinct from that of its rotation on its axis, some of the 
ancient philosophers having held to one theory and not to  the 
other. Aristarchus (310-250 R. C . )  was the first to systematically 
develop the heliocentric theory, that is, to explain celestial phenomena 
by supposing that the earth and planets revolve around the sun. He 
could give no proofs of its correctness and i t  was quite generally aban- 
doned. The most celebrated astronomical work of the ancients was 
the Almagest of Ptolemy (100-170 A. D.) which dominated this field 
cf science for fourteen centuries. Ptolemy showed in i t  that all the 
*Continued from THE JOURNAL OF GEOGRIPHP, April, Volume 111, KO. 4, 
p. 150. 
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celestial phenomena known a t  his time could be explained on the 
theory that the earth is the fked center of the universe, the stars and 
sun revolving around i t  in circles, and the planets revolving in little 
sircles whose centers move uniformly around the earth in large circles. 
Copernicus (1473-1543) developed again the heliocentric theory, 
vith references to Aristarchus, but to explain certain irregularities 
of motion he supposed the sun not to  be in the exact centers of the 
various circles. His successor, Tycho Brahe (1546-1601), returned 
to the geocentric theory because he could observe no changes in the 
directions of the stars a t  different times of the year, which should vary 
somewhat during the year if the earth revolved around the sun. His 
successor, Kepler (1571-1630), returned to the heliocentric theory and 
discovered the three celebrated laws of planetary motion which bear 
his name. From his time on the heliocentric theory has been universally 
accepted. 
These different theories did not arise from any errors in the thinking 
of the authors of the contradictory systems. The fact is that they had 
no data by means of which they could prove one was right and another 
wrong. Their observations, the same as nearly all of ours at the present 
day, were concerned only with relative motions, and one system 
explained them as well as another. The only proof that the great 
Newton (1642-1727) could give was that, by admitting the heliocentric 
theory, a very simple explanation could be given to all phenomena by 
means of Kepler’s laws and the law of gravitation. 
The first fairly direct demonstration of the motion of the earth was 
through the discovery of the aberration of light by the great English 
astronomer, James Bradley, in 1726. If rain were falling directly 
downward and one were standing still in it, he would be struck squarely 
on the top of his head by it. However, if he should walk rapidly through 
it, he would be struck on the forward side, or i t  would seem to descend 
slantingly, the deviation from the vertical depending both upon its 
velocity of descent and his rate of walking. So, also, light coming 
perpendicularly from a star to  the plane of the earth’s orbit seems to  
come in slantingly because of the earth’s motion. The result is that 
the star is always apparently displaced a little in the direction of the 
earth’s motion, the amount depending both upon the velocity of light 
and the velocity of the earth in its orbit. The actual amount of dis- 
placement is found by measuring the little circle which the star appar- 
ently describes in the sky in the course of a year. When the direction 
of the star is not perpendicular to  the plane of the orbit of the earth 
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the results are, of course, somewhat different, but the differences are 
easily accounted for. 
The velocity of light had been previously found by the Danish 
astronomer Roemer, in 1675, from observations of the eclipses of Jupiter’s 
satellites, to be finite and about 186,000 miles per second. The one 
unknown quantity remaining in the problem was the velocity of the earth. 
which came out as it should under the heliocentric theory. Modern 
astronomical observations have given the aberrational constant (20”.47), 
and physical experiments the velocity of light (186,330 miles per second) 
with a high degree of precision. The resulting velocity found for the 
earth not only verifies its motion but also gives the size of its orbit, 
and therefore the distance to the sun. This is, in fact, one of the 
accurate methods of finding the distance from the earth to the sun. 
If one were to deny the revolution of the earth around the sun, he 
would have to admit that all the stars in the sky describe actual small 
orbits, with the same apparent diameter whatever their distances, 
in exactly a year, and in such a manner that they are constantly 
ninety degrees behind the sun in its motion around the earth. 
It has been remarked that Tycho Brahe abandoned the heliocentric 
theory because he could not detect any apparent change in the direction 
(technically, no parallax) of the fixed stars during the year. His 
reasoning was conclusive qualitatively, and failed only because the 
fixed stars are immeasurably more remote than the wildest imagination 
could have suspected, and they have such small parallaxes that he was 
far from being able to detect them. Every attempt a t  finding a star 
apparently displaced by the motion of the earth failed until 1838 when 
the German astronomer Bessel found that the little star 61 Cygni, 
barely visible to the naked eye, was projected on slightly different 
parts of the sky at  different seasons. 
The parallax of a star is the angle subtended by the semidiameter 
of the earth’s orbit at the distance of the star, and equals the apparent 
displacement of the star due to the motion of the earth through a 
distance equal to the radius of its orbit. The parallax of 61 Cygni is 
0“.40, an angle which would be subtended by an object an inch in 
diameter a t  a distance of about eight miles, and one exceedingly difficult 
to measure, involved as it is in the question of parallax with many 
other greater inequalities, such as the aberration, and subject to  a vast 
number of possible errors. The distance of 61 Cygni from the earth is 
more than 500,000 times the distance from the earth to the sun, which 
is 93,000,000 miles. The nearest star in the whole sky so far as 
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is known, is Alpha Centauri, a bright star in the southern heavens, 
which is 275,000 times as far from us as we are from the sun. When 
a star is more than 2,000,000 times as far from us as we are from the 
sun its parallax can not be certainly measured by present processes. In 
spite of the arduous labors of astronomers of many countries less than 
forty stars among the thousands which stud the sky have so far been 
found to have measurable parallaxes. The stars are so inconceivably 
remote that it is meaningless to us to express their distances in miles, 
and astronomers have come to use, instead, the time it takes light to 
come from them to us. The velocity of light is so great that it travels 
nearly eight times the distance around the earth in a second, yet it 
takes nearly four and one-half years for it to come from Alpha Centauri. 
When you look out in the south in the early evening at  Sirius, the 
brightest star in all the sky, you see light which left i t  more than eight 
years ago, and you see light from the north star more than forty years 
after it started on its long journey. 
If one were to deny that the apparent displacement of the stars is due 
to the parallactic effects of the motion of the earth, he would have to 
admit that n6arly forty stars describe small orbits of different sizes in 
exactly a year, and that they are constantly on the same side of their 
orbits that the sun is of its orbit around the earth. 
In  discussing the rotation of the earth it was stated that relative 
motion in the line of sight may be measured by the spectroscope. 
Evidently this affords an independent means of testing the revo!ut.ion 
of the earth. Suppose a star in the plane of the earth’s orbit is con- 
sidered, and for simplicity that it is a t  a constant distance from the 
siin. At one time of the year the earth will be approaching it with 
the rate of its orbital velocity, about eighteen and one-half miles per 
second; six months later i t  will be receding at, the same rate. These 
are velocities which can be measured very easily with the powerful 
modern instruments, and in this way the motion of the earth around 
the sun has been often verified. If the star is in motion with respect 
to the sun the problem is equally simple. For, suppose it is receding 
at any rate, say, ten miles per second. At one time of the year the 
spectroscope will show a relative velocity of 18.5-10 =8.5 miles per 
second, and six months later a relative velocity of 18.5 +10 =28.5 miles 
per second. If the observed star is not in the plane of the ecliptic, the 
matter is a little different but presents no difficulties. 
The spectroscope has been in effective use in astronomy less than 
fifty years, and the observations of the kind under discussion have 
nearly all been made in the last fifteen years. They show the exact 
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2 1 7  THE MOTIONS O F  THE EARTH 1904 
motion demanded by the heliocentric theory. If one were to deny 
that the changes in the relative motion in the line of sight of the various 
stars is due to  the motion of the earth around the sun, he would have to 
admit that all the stars move toward and from the earth with a period 
of one year and with velocities precisely equal to the components of 
motion in their direction which the earth would have if i t  did move 
around the sun. 
Each of t.hese three independent .methods of testing whether the  
earth moves (by the aberration, by the parallax, and by the motion in t h e  
line of sight) leads directly to the heliocentric theory, or to alternatives 
which one can not bring himself to  believe possible. The question of 
the earth's revolution seems t o  be definitely settled and i t  is albogether 
improbable that anything will ever be discovered which will throw it, 
in the slightest doubt. It is worthy of note, though, that  the actual 
proofs of i t  are quite recent, in 1726, in 1838, and in the last few years 
respectively. 
THE SH?IPE O F  THE EARTH'S ORBIT 
The ancients seem to  have regarded i t  as axiomatic that all t he  
celestial motions are uniform and in circles. The first dissenting voice 
was that of Kepler, who from a most laborious discussion of Tycho 
Brahe's observations of Mars, announced, in 1609, that this planet 
moves in an ellipse with the sun in one of its foci. The same thing- 
was in a few years verified for several other planets, and it was also 
shown that the radius from the sun to the planet always sweeps over 
equal areas in equal times. These concluFions, drawn without hypoth- 
esis from observations, formed the direct foundation for Newton's 
demonstration of the law of gravitation which was published in t h e  
Principia in 1686. 
An ellipse is a closed oval which has the property that the sum of 
the distances from any point on i t  to  two fixed points within is constant 
and equal to its length. Or, i t  is the apparent shape of a circle when its 
plane is not perpendicular to the line of sight. In  Figure 2, X and S' are 
the foci, and ps' +m =A% wherever the point P may be. The eccen- 
tricity is OS+OA. As the ellipse becomes more and more nearly 
circular the foci S and S' approach the center 0. The orbit of t h e  
earth is so nearly circular that its eccentricity, which is .0168, can not 
be shown in a diagram. 
To draw an ellipse easily set two pins in the paper, place a loop of 
thread over them of such length that there shall be a little slack. take 
a pencil with a small groove cut in the graphite near the point for t he  
- -  
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thread to  run in, and trace out the curve by moving the pencil so as 
to keep the thread always taut. In  the diagram the pencil would be 
a t  P,  the pins a t  S and S', the thread reaching from P to  S', from S' to  
S, and from S back to  P. It follows that if the curve is drawn in this 
way ps' +m is a constant and when P is a t  A or B i t  is seen that the 
sum equals AB. 
It is sometimes supposed that the orbits of the planets are ellipses 
because of their mutual attractions, without which they would be 
strictly circular. Nothing is more erroneous, although the proofs of 
this statement and some of those which will follow can not be given 
without conisderable mathematics, and will therefore be omitted here. 
Suppose the sun is a t  the focus S and that the planet is started 
from A a t  right angles to  the line a. There is one certain velocity 
depending upon the sum of the masses of the sun and planet and their 
distance apart which will give a circular orbit if there are no other 
forces involved. A greater velocity will give an ellipse such as is 
drawn in the figure, the elongation being greater the greater the initial 
velocity. A lesser velocity will also give an ellipse, but in this case the 
point A will be the one farthest from the sun. Since there is only one 
velocity which will give a circle while an infinity give ellipses it is not 
in the least strange that  all the orbits are ellipses instead of circles, 
and according to modern views the lack of circular motion indicates 
no imperfection in the system. 
Another view which is somewhat prevalent and entirely erroneous 
is that the planets are so distributed that a perfect balance of forces 
is kept up, and that  any disturbance to  the system would result in its 
speedy collapse. The fact is that  the planets interact upon each other 
to some slight extent, but, i" every planet except the earth were removed, 
only a somewhat attentive observer of the sky would ever notice 
any difference. 
As has just been stated the mutual attractions of the planets modify 
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their motions to  some slight extent and the result is that  no planet 
moves in an exact ellipse. These deviations from elliptic motion are 
called perturbations. Although the planets do not move in fixed 
ellipses i t  has been found convenient, both in analysis and popular 
description, to  consider that they always move in ellipses, but  in ones 
which continually change in eccentricity, position, etc. The idea has 
been aptly illustrated by comparing the motions of the planets with 
that of a bead running on a wire hoop bent into the form of an  ellipse 
and whose eccentricity, position, etc., continually change. The bead 
is always running on an ellipse, but the ellipse is constantly varying. 
A question of the very highest interest and importance relates to 
the effects of the mutual attractions of the planets upon their orbits, 
particularly whether the present general configuration of the solar 
system ever will be greatly altered or not. This is a question of great 
mathematical difficulty, and has not been answered with certainty for 
an indefinite time, but the conclusions are undoubtedly very nearly 
correct for perhaps several hundred thousand years. The appropriate 
mathematical discussion, due to Lagrange and Laplace a t  the end of 
the eighteenth century, shows that the mean distances from the sun 
and the periods do not change in the long run, although they are subject 
to short period variations ; that the eccentricities and inclinations to 
the plane of the earth’s orbit increase or decrease for many thousands 
of years and then change in the opposite direction, and have also short 
period variations; and that their lines of nodes (i. e. ,  the lines of inter- 
section of their planes with the plane of the earth’s orbit) and the 
lines of their major axes continually revolve in one direction, besides 
having short period oscillations. The amounts of change and these 
long periods of oscillation are different for the different planets. Thus, 
in the case of the earth the eccentricity which is now .0168 is slowly 
diminishing and will continue to decrease for about 24,000 years when 
it will be about .003, after which it will increase for about 40,000 years 
when, according to Leverrier, i t  will be about .078; the plane of the 
earth’s orbit changes through an angle of 2’ 40’ in the course of many 
thousands of years; and the line of the earth’s major axis completes a 
rotation in the direction in which the earth moves in about 108,000 
vmrr;. 
CROLL’S THEORY OF THE ICE AGES 
One might suppose that the questions which have just been discussed 
are of importance to  the mathematical astronomer rather than to 
one whose interests are primarily in geography or geology, but the 
3 
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conclusions arrived at are very far-reaching in their points of contact, 
as will be illustrated by an example in this section. 
The point A (see Fig. 2) is the perihelion point and while in tha t  
part of its orbit the earth receives more light and heat from the sun 
than a t  any other time, the amount being about 1-15 more than when 
a t  B. If the earth’s orbit had its maximum eccentricity of .078, the 
difference would be nearly 1-5, and if i t  had its minimum value of .003 
the difference would be about 1-85. The earth is a t  A on December 
31st and a t  B on July 2d (a variation of a day or two in these dates is 
possible owing to  the leap year and perturbations). If the angle D S A  
equals 100 degrees, and the angle ASC 80 degrees, then the sun is a t  
the autumnal equinox when the earth is a t  D, and a t  the vernal equinox 
when the earth is at C. If the whole year is to be divided into two 
seasons, winter and summer, the northern hemisphere will have winter 
while the earth is moving through the arc DAC, and summer while 
i t  is moving through the arc CBD. Since the area DAC is less than the 
area CBD, and since the radius from the sun passes over equal areas 
in equal times, i t  follows that our winters are shorter than our summers. 
The actual count from September 22d to March 21st, and from March 
21st to September 22d shows them to be 180 and 185 days respectively. 
In  the southern hemisphere things are precisely reversed. That is, 
our winters are shorter than those in the southern hemisphere, but, 
latitudes and other things being equal, we receive more heat daily 
than is received there because the earth is nearest the sun in our winter. 
Our summers are longer than those south of the equator, but, other 
things being equal, we receive less heat daily. The appropriate mathe- 
matical discussion shows, however, that  corresponding latitudes in 
the two hemispheres receive precisely equal amounts of heat in any 
two corresponding seasons or proportional parts of seasons, but, owing 
to their different lengths in the two hemispheres, the heat is dis- 
tributed throughout the year quite differently in the two cases. 
About twenty years ago James Croll attempted to show that the 
six or seven ice ages which have followed one another in the continents 
of the northern hemisphere were due t o  the very unequal distribution 
of heat throughout the year, which would occur a t  the epochs when 
the eccentricity of the earth’s orbit is great, and the earth a t  perihelion 
in our summer. According to this theory the glacial epochs have been 
separated from each other by immense periods of time, in fact, much 
longer than any other considerations seem to indicate. For this and 
other reasons which can not be entered into here, the theory is now 
generally regarded as incompetent, although i t  can not be doubted that 
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the causes which Croll pointed out have had considerable effects on 
the climate of the earth in the ages that are past, and that they will 
exert sensible influences in time to come. 
MOTION O F  THE SOLAR SYSTEM WITH RESPECT TO THE FIXED STARS 
As everything on the earth, even the “eternal hills,” is subject to 
change, so also in the heavens everything changes. The fixed stars are 
only relatively fixed, the configurations of the constellations being 
greatly altered in the course of thousands of years. With modern instru- 
ments the relative drifting of most of the bright stars and many faint 
ones can be detected in a year or two. These observations imply 
relative motions among the stars, and as the sun is a star i t  is only 
reasonable to  expect that it moves with respect to  the other stars. 
Over one hundred years ago Sir William Herschel found that the 
stars in one part of the sky were apparently getting a little farther from 
each other, while in the opposite part they were apparently closing 
together. Although these motions were very slight and found only by 
taking averages, he boldly interpreted i t  as meaning that the whole 
solar system is moving toward that part of the sky where the spreading 
out occurs, and he fixed the point toward which we move as in the con- 
stellation Hercules. This constellation is almost a t  the zenith in our 
latitude the 1st of April a t  five o’clock in the morning, being in the 
eastern sky immediately before daylight. The work of one hundred 
years along the line of Herschel’s investigation has verified his conclu- 
sions even to almost the precise point in the sky designated by him. 
In  the last few years the spectroscope has been applied to test the 
motion of the system. It would be a simple matter if the stars were 
not moving with respect to each other. As i t  is, the spectroscope gives 
the combined components of motion of the star and earth in the line 
joining them. From a large number of observations i t  is found that, 
on the average, the sun and the stars in the direction of Hercules are 
approaching each other, while the sun and the stars in the opposite 
direction are receding from each other. Therefore this method leads 
to the conclusion that the sun is moving toward the constellation 
Hercules with respect to the fixed stars. The spectroscope also gives, 
by averages, the velocity of the sun’s motion, which turns out to be 
about eleven or twelve miles per second. The earth is thus describing 
a spiral around the line of the sun’s way as an axis. 
Some of the stars and the sun are approaching each other or receding 
from each other a t  astonishing velocities. Thus, Sirius and the sun 
are receding from each other a t  the rate of more than twenty nziles 
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per second, or more than 300,000,000 miles annually. Although this 
has been going on indefinitely no observable change in the appearance of 
the star has taken place since scientific observations of it have been 
made. The reason is that this distance, great as i t  may be, is but an 
extremely small part of the vast distance between the star and us. 
Although Sinus is comparatively near us, as the distances to  the stars 
go, it will be more than 800 years before a velocity of twenty miles 
per second will increase its distance by one per cent. Vega, the brightest 
star in Lyra and quite near the apex of the sun’s way, and the sun, 
are approaching each other a t  the rate of about fifty miles per second. 
Probably the sun is moving in a sensibly straight line, for the stars 
are so extremely remote that their attractive influences are quite 
inappreciable. It is not necessary to  assume, as is sometimes done, 
that its motion is due to  the attraction of other bodies, for this implies 
that i t  was originally a t  rest, an assumption which is by no means 
necessary, and not even probable. 
One possible consequence of the sun’s motion remains to be men- 
tioned, and that is that  i t  may some time encounter meteoric matter 
or even collide with a star. In  fact, this outcome seems to be almost 
inevitable, ultimately. If a collision should occur, i t  would result in 
the destruction of the present system by the enormous amount of heat 
generated in the impact. The combined mass would become nebulous, 
after which i t  would undergo an evolution of cooling and shrinking. 
Indeed, i t  may be that  our present system has evolved from a nebulous 
mass generated by collisions of earlier and smaller bodies than the 
sun. It is fairly probable that temporary stars owe their sudden 
intense luminosity to the heat generated by the impact of collisions 
of some sort. 
THE FUNCTIONS OF GEOGRAPHY I N  THE 
ELEMENTARY SCHOOL: A STUDY IN 
EDUCATIONAL VALUES 
BY WILLIAM CHANDLER BAGLEY 
Of the Montana State Normal College 
K EDUCED to its lowest terms, education consists in giving to the individual experiences which shall modify his future adjust- 
‘ments with reference to certain social or moral ends. Such 
experiences may be imparted eitller directly (through the individual’s 
personal contact with the environment) or indirectly (through lan- 
guage or some other symbolic n.edium for the transmission of experi- 
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